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extend 1n parallel to each other and plural connection
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ranges from 3 mm to 10 mm, and a diameter of the heater
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1
NEAR-INFRARED SENSOR COVER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2018-056640, filed on Mar. 23, 2018, the
entire subject matter of which 1s 1corporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a near-infrared sensor
cover that covers a near-infrared transmitting unit and a
near-infrared receiving unit of a near-infrared sensor.

BACKGROUND ART

A near-inirared radar device may be provided in a vehicle
so as to detect a distance from or a relative speed with
respect to an object including a preceding vehicle, a pedes-
trian, and the like using near-infrared radiation. A near-
infrared sensor constituting a part of the near-infrared radar
device includes a near-infrared transmitting unit and a
near-infrared receiving unit. The transmitting unit and the
receiving unit are covered with a near-infrared sensor cover
through which near-infrared radiation penetrates. In the
near-infrared sensor, near-infrared radiation 1s transmitted
from the transmitting unit to outside of the vehicle through
the near-infrared sensor cover. Near-infrared radiation
reaching and retlected by the object outside the vehicle 1s
received by the recerving umt through the near-infrared
sensor cover. The distance or the relative speed 1s detected
via the transmission and reception of near-infrared radiation.

In the near-infrared radar device, when snow 1is attached
to the near-infrared sensor cover, the detection 1s temporarily
stopped since the transmission of near-infrared radiation 1s
prevented. However, the detection 1s desired to be performed
even during snowiall with spread of the near-infrared radar
device.

Accordingly, 1t 1s considered to dispose a heater wire on
the near-infrared sensor cover, so that the snow 1s melted by
heat generated by the energized heater wire (see, for
example, JP-A-2005-268015).

However, the near-infrared radiation may be irradiated to
the heater wire and reflected when the heater wire 1s wired
to the near-infrared sensor cover as described i JP-A-2005-
268015 since the heater wire 1s formed of metal. The
near-infrared radiation penetrating through the near-infrared
sensor cover 1s reduced by an amount of the reflected
near-infrared radiation, which may affect a detection func-
tion of the near-infrared sensor.

SUMMARY

Accordingly, an aspect of the present invention provides
a near-inirared sensor cover capable of improving transpar-
ency ol near-infrared radiation while having a snow melting
function.

According to an embodiment of the present invention,
there 1s provided a near-inirared sensor cover to be applied
to a near-inirared sensor including a transmitting unit con-
figured to transmit near-infrared radiation to outside of a
vehicle and a recerving unit configured to receive near-
inirared radiation reaching and reflected by an object outside
the vehicle. The near-infrared sensor cover includes a plate-
shaped cover main body portion disposed with a thickness
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2

direction thereof to be coincide with a transmission and
reception direction of the near-infrared radiation and cov-
ering the transmitting unit and the receiving unit, and a
heater wire disposed on one side of the cover main body
portion 1n the thickness direction and configured to generate
heat when energized, wherein the heater wire includes a
plurality of straight line portions that extend 1n parallel to
cach other and a plurality of connection portions that con-
nect end portions of adjacent straight line portions, and
wherein an interval between adjacent straight line portions
ranges from 3 mm to 10 mm, and a diameter of the heater
wire ranges from 0.01 mm to 0.2 mm.

According to the above configuration, near-infrared radia-
tion 1s transmitted from the transmitting unit of the near-
inifrared sensor to outside of the vehicle through the near-
infrared sensor cover. Near-infrared radiation reaching and
reflected by the object outside the vehicle 1s received by the
receiving unit through the near-infrared sensor cover.

The heater wire generates heat when energized. There-
fore, even 1f snow 1s attached to the near-infrared sensor
cover, the snow 1s melted by heat generated by the heater
wire when energized.

Here, the heater wire disposed on one side of the cover
main body portion in the thickness direction prevents the
near-infrared radiation from penetrating through the near-
inirared sensor cover. The near-infrared radiation 1rradiated
to the heater wire 1s reflected. As an amount (reflection
amount) of reflected near-infrared radiation increases, an
amount ol near-infrared radiation penetrating through the
near-infrared sensor cover decreases, so that a detection
function of the near-infrared sensor decreases.

In a case where the heater wire includes the plurality of
straight line portions and the plurality of connection portions
as 1n the above configuration, the amount (reflection
amount) of near-inifrared radiation reflected by the heater
wire 1s greatly aflected by the interval (pitch) of adjacent
straight line portions and the diameter of the heater wire. As
the interval increases and the diameter decreases, the reflec-
tion amount of near-infrared radiation due to the heater wire
decreases, and the near-infrared radiation penetrating
through the near-infrared sensor cover increases. Mean-
while, an amount of heat generated by the heater wire
decreases, and a snow-melting function decreases.

In this regard, as in the above configuration, a necessary
snow-melting function can be ensured by setting the interval
between adjacent straight line portions to 3 mm to 10 mm
and setting the diameter of the heater wire to 0.01 mm to 0.2
mm. Further, the amount (reflection amount) of near-inira-
red radiation retlected by the heater wire 1s restricted to an
allowable value. Then, the near-infrared radiation of an
amount necessary for the near-infrared sensor to properly
perform the detection function penetrates through the near-
infrared sensor cover.

In the near-infrared sensor cover, the transmitting unit
may be configured to transmit near-infrared radiation by
scanning a beam along a scanming path. The scanning path
may include a plurality of main paths that extend in parallel
with each other, and a plurality of sub-paths that connect end
portions of adjacent main paths. The straight line portions of
the heater wire may be disposed to extend along the main
paths of the scanning path.

According to the above configuration, near-infrared radia-
tion 1s less likely to hit the heater wire by extending the
straight line portions of the heater wire along the main paths
of the scanning path, so that an amount (reflection amount)
of near-infrared radiation reflected by the heater wire 1s
casily restricted to an allowable value.
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In the near-infrared sensor cover, the straight line portions
of the heater wire may be disposed 1n parallel to the main
paths of the scanning path.

According to this configuration, near-inirared radiation 1s
less likely to hit the heater wire by disposing the straight line
portions of the heater wire 1n parallel to the main paths of the
scanning path.

According to the above-described near-infrared sensor
cover, 1t 1s possible to improve transparency of near-infrared
radiation while having a snow-melting function.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a side cross-sectional view of a near-infrared
sensor including a near-infrared sensor cover according to
an embodiment, and FIGS. 1B and 1C are enlarged partial
side cross-sectional views of FIG. 1A.

FIG. 2 1s a perspective view of a vehicle to which a
near-infrared sensor cover according an embodiment 1s
applied.

FIG. 3 1s a front view illustrating a scanming path of a
beam according to an embodiment with a part thereof
omitted.

FIG. 4 1s a front view 1illustrating a part of a heater wire
according to an embodiment with a part thereof omitted.

FIG. 5 1s a front view 1illustrating a relationship between
a part of the heater wire and a beam according to an
embodiment.

FIG. 6A 15 a side cross-sectional view of a near-infrared
sensor 1ncluding a near-infrared sensor cover according to a
comparative example, and FIGS. 6B and 6C are partial
enlarged side cross-sectional views of FIG. 6A.

FIG. 7 1s a side cross-sectional view illustrating a near-
infrared sensor that includes a near-infrared sensor cover
according to a modification.

FIG. 8 1s a side cross-sectional view illustrating a near-
inirared sensor cover according to a modification, which 1s
provided separately from a near-infrared sensor, together
with the near-infrared sensor.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment of a near-infrared sensor
cover 1s described with reference to FIGS. 1A to 6C. In the
following description, a forward direction of a vehicle 1s
described as front, and a backward direction 1s described as
rear. An upper-lower direction indicates an upper-lower
direction of the vehicle, and a left-right direction, which 1s
a vehicle width direction, coincides with a left-right direc-
tion of the vehicle during forward movement.

As 1llustrated 1n FIGS. 1 and 2, near-infrared sensors 11
are attached to four corners (right front portion, leit front
portion, right rear portion, and leit rear portion) of a vehicle
10 1n a plan view. FIG. 2 illustrates only the near-infrared
sensor 11 attached to the left front portion of the vehicle 10.
The near-infrared sensors 11 in the four corners have the
same configuration. Therefore, only the near-infrared sensor
11 attached to the left front portion of the vehicle 10 1s
described below, and descriptions of the other three near-
infrared sensors 11 are omuitted.

The near-infrared sensor 11, which 1s a component con-
stituting a part of a near-infrared radar device, detects a
distance from or a relative speed with respect to an object
including a preceding vehicle, a pedestrian, and the like by
transmitting near-inirared radiation IR1 toward front of the
vehicle 10 and receiving near-infrared radiation IR2 reach-
ing and reflected by the object outside the vehicle. The
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detection result 1s used for collision damage reduction
control, erroneous start inhibition control, and the like.

Infrared radiation 1s a kind of electromagnetic waves and
has a wavelength longer than a wavelength of visible light
(0.36 um to 0.83 um). The near-infrared radiation IR1, IR2
has a shortest wavelength (0.83 um to 3 um) in the mfrared
radiation.

There 1s a millimeter-wave radar device having a function
similar to that of the near-infrared radar device. The milli-
meter-wave radar device irradiates millimeter waves toward
front of the vehicle 10 i a prescribed angle range and
detects an inter-vehicle distance from or a relative speed
with respect to a preceding vehicle traveling in front of the
vehicle 10 from a time difference between transmitted waves

and recerved waves, strength of the received waves, and the
like.

The near-infrared sensor 11 in the near-infrared radar
device 1rradiates the near-infrared radiation IR1 1n an angle
range wider than that 1in the millimeter wave radar device.
Further, the near-infrared sensor 11 detects an object at a
distance closer than that 1n the millimeter wave radar device.

A rear half portion of an outer shell of the near-infrared
sensor 11 1s constituted by a case 12, and a front half portion
1s constituted by a cover. The near-infrared sensor 11 1s fixed
to a body of the vehicle 10.

The case 12 includes a tubular peripheral wall portion 13
and a bottom wall portion 17 at a rear end portion of the
peripheral wall portion 13, and has a bottomed tubular shape
with a front side opened. As illustrated in FIG. 1C, a
protruding inner annular portion 14 protrudes forward from
an 1ner periphery at a front end of the peripheral wall
portion 13. A protruding outer annular portion 15 protrudes
forward from an outer periphery at the front end of the
peripheral wall portion 13. A protruding intermediate annu-
lar portion 16 protrudes forward from a front end portion of
the peripheral wall portion 13 while being separated from
the protruding 1nner annular portion 14 and the protruding
outer annular portion 135. Protruding heights hl of the pro-
truding imnner annular portion 14, the protruding intermediate
annular portion 16, and the protruding outer annular portion
15 equal to each other, so that front end surfaces 14a, 164,
15a are on the same plane 1n the front-rear direction. The
protruding heights hl are preferably 0.7 mm or more. This 1s
to ensure contact (close contact) areas with an inner annular
stepped portion 35, an intermediate annular recess 34, and
an outer annular stepped portion 36 which are described
below.

The case 12 configured as described above 1s formed of
polybutylene terephthalate (PBT) that 1s a resin material that
hardly transmits light including the near-infrared radiation
IR1, IR2. A transmitting unit 18 that transmits the near-
infrared radiation IR1 1s attached to a front surface of the
bottom wall portion 17 above an intermediate portion of the
front surface 1n the upper-lower direction. A receiving unit
19 that receives the near-infrared radiation IR2 is attached
below the intermediate portion.

The transmitting unmit 18 transmits the near-infrared radia-
tion IR1 by scanning a beam 22 (see a two-dot chain line in
FIG. 5) along a scanning path 21 i FIG. 3. The scanning
path 21 includes a plurality of main paths 23 extending in the
vehicle width direction while being spaced parallel to each
other 1n the upper-lower direction, and a plurality of sub-
paths 24 connecting ends of adjacent main paths 23.

As 1illustrated 1n FIG. 1A, the cover of the near-infrared
sensor 11 1s constituted by a near-infrared sensor cover 31.
The near-inirared sensor cover 31 includes a tubular periph-
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eral wall portion 32 and a plate-shaped cover main body
portion 37 at a front end portion of the peripheral wall
portion 32.

As 1llustrated 1n FIG. 1C, an intermediate annular recess
34, which 1s a rear end portion of the peripheral wall portion
32 and i1s recessed forward from the rear end surface 33 of
the same rear end portion, 1s formed in an intermediate
portion in an inner-outer direction of the peripheral wall
portion 32. An 1nner annular stepped portion 35 extending,
torward from the rear end surface 33 of the rear end portion
of the peripheral wall portion 32 1s formed at a corner 1n an
inner periphery of the same rear end portion while being
separated from the intermediate annular recess 34 toward the
inner periphery. An outer annular stepped portion 36 extend-
ing forward from the rear end surface 33 of the rear end
portion of the peripheral wall portion 32 1s formed at a
corner 1 an outer periphery of the same rear end portion
while being separated from the intermediate annular recess
34 toward the outer periphery.

The intermediate annular protrusion 16 enters the inter-
mediate annular recess 34 and 1s 1n close contact therewith.
The protruding 1nner annular portion 14 1s engaged with the
inner annular stepped portion 35 and 1s 1n close contact
therewith. The protruding outer annular portion 15 1s
engaged with the outer annular stepped portion 36 and 1s 1n
close contact therewith.

As 1llustrated 1n FIG. 1A, the cover main body portion 37
has a minimum size for closing a front end opening of the
peripheral wall portion 13. The cover main body portion 37
1s located 1n front of the bottom wall portion 17 and covers
the transmitting unit 18 and the receiving unit 19 from front.

A thickness direction of the cover main body portion 37
substantially coincides with the front-rear direction of the
vehicle 10. The near-infrared radiation IR1, IR2 penetrates
through 1n the thickness direction of the cover main body
portion 37.

As 1llustrated 1in FIG. 1B, a groove 38 extending in the
vehicle width direction 1s formed 1n a substantially interme-
diate portion of a rear surface 375 of the cover main body
portion 37 in the upper-lower direction. The groove 38
crosses over a substantially entire width of the cover main
body portion 37 in the vehicle width direction. A thickness
t2 of a part of the cover main body portion 37 1n front of the
groove 38 1s equal to or less than 4 of a thickness t1 of a
part of the cover main body portion 37 without the groove
38. In the present embodiment, the thickness t1 1s 2 mm,
while the thickness {2 1s 1 mm.

The cover main body portion 37 and the peripheral wall
portion 32 are formed of polycarbonate (PC), which 1s a
transparent resin material, and may also be formed of a
transparent resin material such as polymethyl methacrylate
(PMMA) and cycloolefin polymer (COP).

As 1llustrated in FIGS. 1A and 1B, a front end portion of
a partition plate 41 formed of a PC (polycarbonate) 1is
press-fitted into the groove 38. The partition plate 41 1s
separated from the case 12 and the cover main body portion
37.

A heater unit 42 1s disposed on a rear side of the cover
main body portion 37 in the thickness direction. The heater
unit 42 mncludes a resin sheet 43 and a heater wire 44 on the
resin sheet 43. The resin sheet 43 may be formed of, for
example, a transparent resin material such as PC (polycar-
bonate). The heater wire 44 may be formed by, for example,
printing a nichrome wire, a carbon heating body, a silver
paste, and the like.

As 1llustrated 1n FIGS. 4 and 5, the heater wire 44 includes
a plurality of straight line portions 45 and a plurality of
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connection portions 46. The plurality of straight line por-
tions 45 extend parallel to each other in the upper-lower
direction. The plurality of connection portions 46 connect
ends ol adjacent straight line portions 45. An interval p
between adjacent straight line portions 45 ranges from 3 mm
to 10 mm. In the present embodiment, the iterval pl 1s 6.7
mm. A diameter d1 of the heater wire 44 ranges from 0.01
mm to 0.2 mm. In the present embodiment, the diameter d1
1s 0.08 mm.

The straight line portions 45 are preferably disposed to
extend along the main paths 23 (see FIG. 3) of the scanning
path 21. In the present embodiment, the straight line portions
435 are disposed to extend in the vehicle width direction, that
1s, to be parallel to the main paths 23.

As 1llustrated 1n FIGS. 1A to 1C, a water-repellent layer
47 1s formed on a front surface of the cover main body
portion 37 and an outer peripheral surface of the peripheral
wall portion 32. The water-repellent layer 47 1s made of an
organic coating film, a silicone film, or the like.

Light transmittance of the near-infrared radiation IR1,
IR2 1n the near-infrared sensor cover 31 1s 60% or more, and
surface reflectance 1s 30% or less. Next, operational etlects
of the present embodiment configured as described above
are described.

As 1llustrated 1n FIG. 1A, the near-infrared radiation IR1
penetrates through the cover main body portion 37 of the
near-infrared sensor cover 31 after being transmitted from
the transmitting unit 18 of the near-infrared sensor 11.

At this time, the partition plate 41 restricts the near-
inirared radiation IR1 transmitted from the transmitting unit
18 from being 1rradiated to a part of the cover main body
portion 37 lower than the groove 38. Further, a part of the
cover main body portion 37 1s located in front of the
partition plate 41. The near-infrared radiation IR1 may
penetrate through the part of the cover main body portion 37
and scatters. However, 1n the present embodiment, the
thickness t2 of the part of the cover main body portion 37 in
front of the groove 38 1s small and 1s equal to or less than
/4 of the thickness t1 of the part without the groove 38.
Therefore, the near-infrared radiation IR1 can penetrate
through the part of the cover main body 37 without scatter-
ng.

The near-infrared radiation IR1 penetrating through the
cover main body portion 37 reaches and i1s retlected by an
object 1including a preceding vehicle, a pedestrian, and the
like. The reflected near-infrared radiation IR2 again pen-
ctrates through the cover main body portion 37 and 1is
received by the receiving unit 19. A distance from or a
relative speed with respect to the preceding vehicle, the
pedestrian, and the like 1s detected via transmission and
reception of the near-infrared radiation IR1, IR2 by the
near-infrared sensor 11.

Meanwhile, the heater wire 44 generates heat when ener-
gized. Therefore, the heater wire 44 1s energized to generate
heat during snowfall. Then, snow 1s inhibited from being
attached to the near-infrared sensor cover 31. Even 1f snow
1s attached to the near-infrared sensor cover 31, the snow 1s
melted by heat generated from the heated heater wire 44.

Here, the heater wire 44 disposed on the rear side of the
cover main body portion 37 in the thickness direction
prevents the near-infrared radiation IR1, IR2 from penetrat-
ing through the near-infrared sensor cover 31. The near-
infrared radiation IR1, IR2 irradiated to the heater wire 44
1s reflected. As an amount (reflection amount) of retlected
near-infrared radiation IR, IR2 increases, an amount of
near-infrared radiation IR1, IR2 penetrating through the
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near-infrared sensor cover 31 decreases, and a detection
function of the near-infrared sensor 11 decreases.

In the present embodiment 1n which the heater wire 44
includes the plurality of straight line portions 45 and the
plurality of connection portions 46, the amount (reflection
amount) of near-infrared radiation IR1, IR2 reflected by the
heater wire 44 1s greatly aflected by the interval (pitch) pl
ol adjacent straight line portions 45 and the diameter d1 of
the heater wire 44. As the interval p increases and the
diameter d1 decreases, the reflection amount of near-infrared
radiation IR1, IR2 due to the heater wire 44 decreases, and
the near-infrared radiation IR1, IR2 penetrating through the
near-infrared sensor cover 31 increases. Meanwhile, an
amount of heat generated by the heater wire 44 decreases,
and a snow-melting function decreases.

In this regard, as 1n the present embodiment, a necessary
snow-melting function can be ensured by setting the interval
pl between adjacent straight line portions 45 to a value (6.7
mm) satisiying 3 mm to 10 mm and setting the diameter d1
of the heater wire 44 to a value (0.08 mm) satistying 0.01
mm to 0.2 mm. Further, the amount (reflection amount) of
near-infrared radiation IR1, IR2 reflected by the heater wire
44 can be restricted to an allowable value. Then, the near-
infrared radiation IR1, IR2 of an amount necessary for the
near-infrared sensor 11 to properly perform the detection
function can penetrate through the near-infrared sensor
cover 31.

The water-repellent layer 47 on the front surface of the
cover main body portion 37 and the outer peripheral surface
of the peripheral wall portion 32 repels water attached to the
front surface of the near-infrared sensor cover 31, making
the near-infrared sensor cover 31 less likely to be wet.
Theretfore, with the water repellent layer 47, it 1s possible to
inhibit a {ilm of water on the front surface of the cover main
body portion 37 during snow melting.

Reasons why the front end portion of the peripheral wall
portion 13 of the case 12 and the rear end portion of the
peripheral wall portion 32 of the near-infrared sensor cover
31 have the above shapes and why the partition plate 41 1s
attached to the groove 38 are as follows.

As described above, airtightness 1s required 1n the near-
inirared sensor 11 whose rear half portion 1s constituted by
the case 12 and the front half portion 1s constituted by the
near-infrared sensor cover 31. Therefore, as i1llustrated 1n a
comparative example i FIGS. 6A to 6C, it 1s considered to
mold the case 12 using an insert mold 1n which the partition
plate 41 1s disposed, and to mold (nsert molding) the
near-infrared sensor cover 31 using the case 12 and the
partition plate 41 as inserts. In the comparative example,
members common to the present embodiment are denoted
by the same reference numerals as 1n the present embodi-
ment. The water-repellent layer 47 1s omitted in FIGS. 6A to
6C.

As 1llustrated in FIG. 6C, the protruding inner annular
portion 14 protrudes forward from an inner periphery at a
front end of the peripheral wall portion 13 of the case 12.
The protruding outer annular portion 15 protrudes forward
from an outer periphery at the front end of the peripheral
wall portion 13 while being separated from the protruding
inner annular portion 14 toward an outer periphery. The
protruding inner annular portion 14 protrudes forward fur-
ther than the protruding outer annular portion 15.

The mner annular stepped portion 35, which serves as the
peripheral wall portion 32 of the near-infrared sensor cover
31 and extends forward from the rear end surface 33 of a rear
end portion of the peripheral wall portion 32, 1s formed at a
corner 1n an nner periphery of the same rear end portion of
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the peripheral wall portion 32. The outer annular stepped
portion 36 extending forward from the rear end surface 33
1s formed at a corner in an outer periphery of the rear end
portion of the peripheral wall portion 32 while being sepa-
rated from the mner annular stepped portion 34 toward the
outer periphery.

The protruding inner annular portion 14 1s engaged with
the inner annular stepped portion 35 and 1s 1n close contact
therewith. The protruding outer annular portion 15 1s
engaged with the outer annular stepped portion 36 and 1s 1n
close contact therewith. As illustrated 1in FIG. 6B, a {front end
surface 41a of the partition plate 41 1s exposed to a front
surface 37a of the cover main body portion 37 of the
near-infrared sensor cover 31.

In the comparative example 1n FIGS. 6A to 6C having the
above configuration, the partition plate 41 1s primarily
disposed 1n the msert mold. Next, the case 12 including the
protruding inner annular portion 14 and the protruding outer
annular portion 15 1s formed at a front end of the peripheral
wall portion 13. Subsequently, the near-infrared sensor
cover 31 including the inner annular stepped portion 35 and
the outer annular stepped portion 36 is insert-molded at the
rear end portion of the peripheral wall portion 32, with the
case 12 and the partition plate 41 being used as inserts.
When the near-infrared sensor cover 31 i1s molded, as
indicated by a two-dot chain line arrow 1n FIG. 6B, heat and
pressure ol molten resin are applied to the partition plate 41
from both upper and lower sides thereof. The partition plate
41 may be deformed and the front end surface 41a may be
distorted under an influence of the heat and the pressure.

As 1llustrated 1in FIG. 6C, when the near-infrared sensor
cover 31 1s molded, the heat and the pressure of the molten
resin are applied to a front end portion of the peripheral wall
portion 13 of the case 12. The front end portion of the
peripheral wall portion 13 1s melted under the influence of
the heat and the pressure. Under an influence of the melting,
a front part of the peripheral wall portion 13 of the case 12,
that 1s, the front surface 37a of the near-infrared sensor cover
31, may be distorted. Further, a melted portion 13a of the
peripheral wall portion 13 may flow to the rear surface 375
of the cover main body portion 37, as indicated by a two-dot
chain line 1n FIG. 6C. Transparency of the near-infrared
radiation IR1. IR2 in the near-infrared sensor cover 31
decreases due to the melted portion 13a since the PBT as the
material of the case 12 hardly transmits the near-infrared
radiation IR1, IR2.

As described above, detection accuracy of the near-
inirared sensor 11 may decrease when the front end surface
d41a of the partition plate 41 or the front surface 37a of the
cover portion 37 1s distorted or the melted portion 13a tlows
to the rear surface 375 of the cover main body portion 37.

In contrast, 1n the present embodiment, as 1llustrated 1n
FIGS. 1A to 1C, the groove 38 1s formed during molding of
the near-infrared sensor cover 31. In the cover main body
portion 37, a part upper than the groove 38 and the part
lower than the groove 38 are connected by the part 1n front
of the groove 38. The above molding 1s performed without
the partition plate 41. Therefore, unlike the comparative
example 1n FIGS. 6A to 6C, the heat and the pressure of the
molten resin are not applied to the partition plate 41 from
neither the upper nor the lower sides thereof. The partition
plate 41 1s not deformed under the influence of the heat and
the pressure. Therelore, 1t 1s possible to inhibit distortion of
the front surtface 41a of the partition plate 41 and the front
surface 37a of the cover main body portion 37 in front of the
groove 38.
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In the cover main body portion 37, the part upper than the
groove 38 and the part lower than the groove 38 are
connected by the part in front of the groove 38. At this time,
the part of the cover main body portion 37 in front of the
groove 38 may be deformed or distorted since molten resin
flowing from the part upper than the groove 38 to the part
lower than the groove 38 collides with molten resin tlowing
from the part lower than the groove 38 to the part upper than
the groove 38. However, as described above, the thickness
t2 of the part in front of the groove 38 in the present
embodiment 1s equal to or less than %2 of the thickness t1 of
the part without the groove 38. Therefore, it 1s possible to
inhibit deformation or distortion of the part of the cover
main body portion 37 in front of the groove 38.

The partition plate 41 1s press-fitted into the groove 38
aiter the molding of the near-infrared sensor cover 31. The
front end of the protruding 1mnner annular portion 14 1n the
present embodiment 1s retreated rearward farther than that in
the comparative example 1 FIGS. 6A to 6C, and the front
end surface 14a of the protruding inner annular portion 14,
the front end surface 16a of the protruding intermediate
annular portion 16, and the front end surface 15a of the
protruding outer annular portion 15 are located on the same
plane 1n the front-rear direction. The protruding 1nner annu-
lar portion 14, the protruding intermediate annular portion
16, and protruding outer annular portion 15 are located
rearward from the front surtace 37a of the cover main body
portion 37 farther than those 1n the comparative example.
Therefore, the front surface 37a 1s less likely to be distorted
when the near-infrared sensor cover 31 1s molded even when
the heat and the pressure of the molten resin are applied to
the front end portion of the peripheral wall portion 13 of the
case 12 and the front end portion of the peripheral wall
portion 13 1s melted. Further, the melted portion 134 of the
peripheral wall portion 13 1s less likely to flow to the rear
surtace 375 of the cover main body portion 37. Accordingly,
it 15 possible to inhibit a decrease 1n the transparency due to
the melted portion 13a located on the rear surtface 375 of the
cover main body portion 37.

A contact area of the rear end portion of the peripheral
wall portion 32 and the front end portion of the peripheral
wall portion 13 1s larger as compared with a case where the
rear end portion of the peripheral wall portion 32 of the
near-infrared sensor cover 31 has the same shape as the
comparative example 1n FIGS. 6 Ato 6C. This 1s because the
protruding intermediate annular portion 16 1s engaged with
the intermediate annular recess 34. Therefore, a contact
force between the rear end portion of the peripheral wall
portion 32 and the front end portion of the peripheral wall
portion 13 can be increased.

The above embodiment can also be implemented as a
modification modified as follows. Generally, radiation inten-
sity of the beam 22 tends to be highest 1n a center and
decreases as going radially away from the center.

Therelfore, a part of the heater wire 44 which the near-
infrared radiation IR1 hits 1s preferably disposed at a loca-
tion satistying the following condition. The condition 1s that,
as 1llustrated in FIG. 5, the beam 22 hits the corresponding
part of the heater wire 44 1n the center.

By disposing the heater wire 44 with the above condition
satisfied, the beam 22 hits the heater wire 44 at a part

(center) having a high radiation intensity, so that a degree of
influence of the heater wire 44 on the detection function of
the near-infrared sensor 11 can be reduced.

The heater wire 44 may be used alone and disposed on a
rear side of the cover portion 37 instead of being formed on
the resin sheet 43. The heater wire 44 may be disposed on
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a front side of the cover main body portion 37 1n a thickness
direction that 1s opposite to that in the above embodiment.
In this way, the heater wire 44 1s located at a forefront of the
near-infrared sensor cover 31. Therelfore, heat generated by
the heater wire 44 after energization 1s easily transierred to
snow attached to a front surface of the near-infrared sensor
cover 31. Therefore, the attached snow can be efliciently
melted by the heat of the heater wire 44.

Unlike the above embodiment, the near-infrared sensor
cover 31 may be provided with a function as a garnish that
decorates a front portion of the vehicle 10. Specifically, as
illustrated 1n FIG. 7, the near-infrared sensor cover 31
includes the tubular peripheral wall portion 32 and the
plate-shaped cover maimn body portion 37 at a front end
portion of the peripheral wall portion 32, which 1s similar to
the above embodiment. However, the cover main body
portion 37 includes a base member 51 having transparency
of near-infrared radiation at a rear portion thereof. The base
member 351 1s formed of a resin material such as acryloni-
trile-ethylene-styrene copolymer (AES) resin.

The cover main body portion 37 has a size larger than that
of the cover main body portion 37 in the above embodiment,
and more specifically, larger than a front end opening of the
peripheral wall portion 13. A periphery of the cover main
body portion 37 extends outward from the peripheral wall
portion 32. In this case, the heater wire 44 1s disposed on a
rear surtface of the base member 351.

The same operational effects as those in the above
embodiment can be obtained even 1n a case of such changes.
The near-infrared sensor cover 31 constitutes a part of the
near-infrared sensor 11 i the above embodiment and the
modification in FIG. 7. However, as 1llustrated 1in FI1G. 8, the
near-infrared sensor cover 31 may also be provided sepa-
rately from the near-infrared sensor 11.

That 1s, the near-infrared sensor 11 includes the case 12 in
which the transmitting unit 18 and the receiving unit 19 are
assembled, and a cover 52 that i1s disposed in front of the
case 12 and covers the transmitting unit 18 and the receiving
unmt 19.

In the modification in FIG. 8, the near-infrared sensor
cover 31 having the same configuration as that in the
modification i FIG. 7 1s disposed 1n front of the cover 52
of the near-infrared sensor 11. In this case, the near-infrared
sensor cover 31 1s fixed to a body of the vehicle 10
separately from the near-infrared sensor 11.

The same operational effects as those i the above
embodiment and the modification in FIG. 7 are also obtained
in this case.

The mnvention claimed 1s:

1. A near-infrared sensor cover to be applied to a near-
infrared sensor including a transmitting unit configured to
transmit near-infrared radiation to outside of a vehicle and a
receiving unit configured to receive near-infrared radiation
reaching and retlected by an object outside the vehicle, the
near-infrared sensor cover comprising:

a plate-shaped cover main body portion disposed with a
thickness direction thereof to be coincide with a trans-
mission and reception direction of the near-infrared
radiation and covering the transmitting unit and the
receiving unit; and

a heater wire disposed on one side of the cover main body
portion in the thickness direction and configured to
generate heat when energized,

wherein the heater wire includes a plurality of straight line
portions that extend in parallel to each other and a
plurality of connection portions that connect end por-
tions of adjacent straight line portions, and
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wherein an interval between adjacent straight line por-
tions ranges from 3 mm to 10 mm, and a diameter of
the heater wire ranges from 0.01 mm to 0.2 mm.

2. The near-infrared sensor cover according to claim 1,
wherein the transmitting unit 1s configured to transmit the 5
near-infrared radiation by scanning a beam along a

scanning path,

wherein the scanning path includes a plurality of main
paths that extend in parallel with each other, and a
plurality of sub-paths that connect end portions of 10
adjacent main paths, and

wherein the straight line portions of the heater wire are
disposed to extend along the main paths of the scanning
path.

3. The near-infrared sensor cover according to claim 2, 15

wherein the straight line portions of the heater wire are
disposed 1n parallel to the main paths of the scanning
path.

12
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